APPLICATION FOR UNITED STATES LETTERS PATENT 



INVENTORS: Arthur M. BROWN, Eckhard FICKER, and Barbara A. WIBLE 



TITLE: HIGH THROUGHPUT ASSAY SYSTEMS AND METHODS 

FOR IDENTIFYING AGENTS THAT ALTER EXPRESSION 
OF CELLULAR PROTEINS 



ATTORNEYS: FLESHNER & KIM, LLP 

& P. O. Box 221200 

ADDRESS: Chantilly, VA 20153-1200 

DOCKET NO.: CHNT-0015 



HIGH THROUGHPUT ASSAY SYSTEMS AND METHODS FOR 
IDENTIFYING AGENTS THAT ALTER EXPRESSION OF 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[1] The present invention relates to high throughput assay systems and methods 
for identifying agents that alter the level of expression of cellular proteins, with special 
emphasis on integral membrane proteins in mammalian cells. 



2. Background of the Related Art 

[2] The ability to respond to the surrounding environment and the control of 
entry and exit of molecules through the cell membrane are fundamentally important 
functions of any mammalian cell. These functions are due, in significant part, to the various 
proteins that reside, in whole or in part, within the cell membrane. 

[3] The cell membrane of mammalian cells is relatively impermeable to water- 
soluble substances, such as ions, small inorganic molecules, peptides and proteins. To enter 
and/ or influence a cell, such hydrophilic substances must interact with at least one protein 
(e.g. a receptor, an ion channel or a transporter) that resides in the cell membrane and is 
exposed, at least in part, on the cell surface to the extracellular milieu. In contrast, lipophilic 
substances, such as steroids, can diffuse direcdy through the cell membrane into the 
cytoplasm where it can then interact with one or more target proteins. 

[4] There are two basic responses from a cell when an external stimulatory 
molecule (e.g. a peptide or an organic or inorganic molecule) interacts with a cell surface 

1 



protein: (i) an ionic or molecular (or macromolecular) material is vectorally transmitted from 
the outside of the cell membrane to the cytoplasm inside the cell by transport through the 
lipid bilayer and vice versa; and/ or (ii) a signal is transmitted to the cytoplasm or a protein 
therein by virtue of a change in the membrane protein, e.g. a change in the conformation of 
the membrane protein and/ or the state of aggregation of the membrane protein. 

[5] The transfer of a signal across the cell (signal transduction) begins with the 
binding of an extracellular substance (ion, small molecule, protein) to an extracellular domain 
of a protein resident in the cell membrane. Binding of the substance to an extracellular 
domain of the transmembrane protein causes the protein to change form an inactive to an 
active form. This active form then stimulates catalytic activity, or some similar such 
response, that generates a cytosolic signal (which is sometimes in the form of one or more 
secondary messenger substances in the cytoplasm). 

[6] There are two major types of such signal transduction in mammalian cells: (i) 
the transmembrane protein may have a protein kinase activity in its cytosolic domain, the 
activity of which is activated when the extracellular substance binds to the transmembrane 
protein (the kinase then phosphorylates its own cytoplasmic domain, which enables the 
transmembrane protein to associate and activate another protein, which in turn acts on other 
proteins and substances within the cell cytoplasm); and (ii) the transmembrane protein may 
interact with a G protein that is associated with the membrane, which causes the GDP 
(guanine diphosphate) bound to the G protein to be replaced by GTP, resulting in 
dissociation of the G protein into monomer and dimmer fragments, one or both of which, 
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in turn, acts upon a target protein (also often associated with the membrane, requiring it too 
then to act upon yet another target protein, this one in the cytoplasm). 

[7] The physical transfer of material across the cell membrane permits a wide 
range of substances to get into and/or out of a cell, including ions, small molecules (such as 
sugars and hormones) and macromolecules (such as proteins and enzymes). Three major 
routes exist for such material transfer(s): (i) proteins resident in the cell membrane may form 
channels that permit the passage of ions, such as sodium, potassium and chlorine, from the 
extracellular milieu through the membrane and into the cytoplasm, or vice versa; (ii) proteins 
resident in the cell membrane may bind small molecules, such as sugars, on one side of the 
membrane and then release that same molecule on the opposite side of the membrane, 
thereby acting as transporters; and (iii) proteins resident in the cell membrane may bind small 
molecules and so trigger the process of internalization, in which the bound protein:molecule 
pair is brought into the cell by endocytosis (at some point, the protein:molecule pair 
becomes separated; the protein may then be returned to the cell surface to interact with 
another small molecule or it may be degraded). 

[8] Common features of all these proteins include their relatively, large size, the 
multiple hydrophobic regions spanning the cell membrane, and hydrophilic extracellular 
and/or intracellular domains. 

[9] With respect to the passage or trafficking of macromolecular substances, 
proteins begin the pathway that leads to secretion by co-translational transfer direcdy from 
ribosomes to the membranes of the endoplasmic reticulum. These proteins are then 
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transferred to the Golgi apparatus, where they are sorted according to their final intended 
destination and move towards the cell membrane. 

[10] More specifically, proteins enter the ER during synthesis and are folded and 
glycosylated, at least partially. The proteins are then transferred to the as face of the Golgi 
apparatus (proteins that are to be resident in the endoplasmic reticuluim are returned to the 
ER at this time). Further glycosylation occurs as the proteins move through the Golgi stacks 
from as to trans. Specific signals cause some proteins to be returned to the ER, some 
proteins to be retained in the Golgi, some proteins to be transported to endosomes and 
lysosomes, and some proteins (cell surface proteins) to be transported to and retained in the 
cell membrane. 

[11] Those proteins that are transported to and retained in the cell membrane 
follow the longest and most extensive trafficking pathway, entering the membranes of the 
endoplasmic reticulum and subsequendy traveling through the membranes of transition 
vesicles, the Golgi complex and secretory vesicles before reaching their final destination. 
Among these proteins are active and passive transport proteins and cell surface receptors. 

[12] To illustrate the complexity of the trafficking pathway, in epithelial cells lining 
body cavities, the sorting and distribution mechanism of the ER places different proteins in 
distinct subparts of the cell membrane. For example, proteins transporting sugars and 
amino acids in intestinal epithelial cells are distributed to that region of the cell membrane 
facing the intestinal cavity. MHC molecules and the poly-Ig receptors binding antibodies 
wind up in segments of the cell membrane of epithelial cells on the side opposite the side 
facing the body interior. 
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[13] The following is a table of some known cell surface molecules, receptors and 
membrane-associated proteins. 



! EGFR 


epidermal growth factor receptor 


(3-adrenoreceptor 


GPCR 


GABAaR 


GABAa-gated ion channel j 


j nAChR 


ACh-gated ion channel 


! P-glycopiotein 


membrane channel j 


! I<ir2.2 


ion channel j 


MCR 


melanocortin receptor 

1 i 


hERG 


ion channel j 


A4 i 


TM4 family i 


\ Abc2 | 


ABC transporter; multi-tm; mdr subfamily 


AcPL 


required for IL-18 receptor signaling. Contains two Ig s 

1 LOO O 

domains 


" AFlq 


fused to MLL in some leukemias 


1 Alpha-6 integrin 


complex with NAG-2 | 


Alpha-9 integrin 1 


Mediates cell-cell and cell-extracellular matrix interactions 


\ ART-4 


Adenocarcinoma antigen recognized by T-lymphocytes j 


- B29 ! 


Ig superfamily 


1 BAP31 


potential membrane protein 


j _ j 

1 Beta ig-h3 

S ~- ^. -^ r— -J 


TGF-beta induced; may be associated with microfibrils and 
the cell surface 


5 Bgpd 


May play role in self-renewal/ diff. of epithelia 


Catechol-O- 
methvltransferase 


membrane-bound form; inactivates catecholamine 
neurotransmitters 


CD9 • 


TM4; with CD 19 in multimolecular Bl -integrin complex, also 
NAG-2 
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:CD19 


Ig domains; B-cell growth regulation 


CD27 


receptor for CD70; TNFR-family; apoptosis 


CD31/PECAM-1 


adhesion molecule 


CD34 


"Stem cell antigen' 1 j 


! CD37 


TM4 on B-cells j 


i CD48 

i .„ i 


ligand for CD2 


' CD53 


TM4 superfamily; high in Burkitt lymphoma cell lines 


]CD54/ICAM-1 1 


adhesion molecule 


CD59 ! 


complement inhibitory protein 


1 CD69 


Involved in lymphocyte proliferation 


1 CD87/PAR2 


Urokinase plasminogen activator receptor 


jCGl 

- > 


Possible TM4 cell surface protein 


] Coronin-2 


WD40 domain 


1DPH2L 


single tm; ovarian ca. suppressor 


J DR5 


Death receptor for TRAIL; apoptosis-inducing j 


! EBIl 


7-tm receptor 


1 EBI3 


contains Fnlll domain 


EP2 or -4 


prostanoid receptor 


•!!Evi2B 1 


Implicated in leukemogenesis 


1 FC gamma R I 


Antibody Fc receptor 


: ; FZD4 


Frizzled 4; receptor for Wnt family ligands 


Flk-2 


receptor tyrosine kinase; differentially expressed 


ri Flotillin 


BAND7 family j 


GITR 

\> „ 


glucocorticoid-induced; TNFR family; apoptosis assoc 


\ GluR3 | 


Glutamate Receptor j 


1 ■ " " ~ 

1 Glvpican 


Major heparan sulfate proteoglycan 


! GPCR 5 


Orphan G-protein coupled receptor 


I! GPR-9-6/CCR9 


orphan 7-tm hormone receptor 
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HFM-1 i 


TM4 familv ' 

j. xvi*r id.iiii.iy 


±lcpdLUC-V LC VJJ7 d-L.LlVd.HJI 

inhibitor i 


j 

membrane-bound form 


IB3089A 


Putative transmembrane protein 


ICAM-2 


Intercellular adhesion molecule 


IL-2-gamma 


common chain for IL2 and 4 and 7 and 13 


'! TT 1 Urtci 
i Xl^-J-UCLd 


rntnm^n tr\ TT ^ ^nn S Tv 


i IL-3R 


H pm a ton nip tir prowth factor re c en tor associated with survival ' 
and differentiation 


i IL-4-alpha 


mature form includes IL2 gamma chain 


! IL-6R 

1 : 


Hematopoietic growth factor receptor 


i IL-7R 


B-cell growth factor 


jjTB 


Cell surface protein; rearranged in a jumping translocation 


\ ,„,„„,„„„„„ , 

L-selectin 


lymphocyte homing molecule 


i| LAPTm5 


may have functional role in embryogenesis | 


1 Ligatin 


trafficking receptor for phosphoglycoproteins j 


: LOX-1 


Lectin-like oxidized low-density lipoprotein receptor 


: LSM-1 


interacts with CD45 on lymphocytes \ 


Lvmphotoxin-b R 


poss. function in immune development 


: ; Mac-2 




' Mama i 


Scavenger-like Cys-rich domain 


\ " ~ ~ ' ' — = - 

Mb-1 


supposedly B-cell restricted; CD3-like 


1 Mcp-1 < 


chemokine R j 


MDC15 


metalloprotease-disintegrin; tm glycoprotein 


! MEGF9 : 


EGF repeats 


I MIP-laR 


chemokine R 


Mitsugumin 23 


TM4 protein on ER and nuclear membranes 


, MP70 


9 tm 
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NAG-2 


ouridce iivj/t protein siiiiiidr to k^ljdj, lormb complexes j 
w/integrins j 




NET-4 


TM4 protein 


NET-6 


TM4 protein ! 


Neuropilin 


Semaphorin III receptor; also binds VEGF 


NHE-1 


sodium/hydrogen antiporter 


Notch- 1 


Required for the correct differentiation of many tissues 


PAR-l or -2 


Plasminogen activator receptor j 


perlecan 


basement membrane heparan sulfate proteoglycan 


iPft27 


Putative 7-tm receptor 


lPIRA-1 

1 ,.. . , ■ 


Ig-like; suggested immune regulatory role 


i 

! Prostaglandin E R 


7-tm receptor 


Protocadherin-2C 


Expressed in developing brain 


IRPTP-sigma 


receptor tyrosine phosphatase; contains Fn III domains 


Selenoprotein R 


Putative; contains domain of unknown function 


Semaphorin B 


Growth cone guidance protein 


iSIM 


stromal cell protein; TM4 surface R 


Smoothened | 


Recptor for Sonic Hedgehog; 7-tm 


i 

Sortilin ! 


neurotensin R (NT converting enzyme is in stroma) 


i Stromal Cell Protein 


Potential TM4 cell surface protein 


! SYBLl 


synaptobrevin-like 


I TLR2 


Toll-like receptor 2 


ITLR4 


Toll-like receptor 4 


' TSA-1 (Sca-2) 


Thymic shared antigen; also called Ly-6E 


lTspan6 


TM4 superfamily; unknown function i 



[14] The identification of compounds that alter the level of expression of one or 
more of these proteins is therefore quite important from a number of different perspectives 
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and with a number of goals in mind. For example, identifying a compound that alters the 
level of expression of a particular protein may lead to the discovery of new therapeutic 
agents. Alternatively, such an identification may lead to the discovery of the cause or 
pathway of a defect or disorder. In that way, entirely new areas of research are opened up, 
as well as a wealth of previously-unknown targets for potential therapeutic intervention. 

[15] Moreover, the identification of compounds that alter the level of expression of 
one or more of these proteins should include compounds that direcdy or indirecdy affect the 
level of protein expression. A compound that alters the level of expression of an integral 
membrane protein may do so direcdy, for example, by binding direcdy to the protein and 
inhibiting trafficking. Alternatively, a compound may alter the level indirecdy, for example 
by acting on one or the chaperones that facilitate transport and integration of membrane 
proteins in the cell membrane or by acting on a protein that degrades the target membrane 
protein. 

[16] There therefore exists a need in the art for assays that can identify compounds 
that alter the level of expression of proteins, particularly integral membrane proteins, as well 
as the mechanism by which that level is altered. 

SUMMARY OF THE INVENTION 

[17] It is therefore an object of the present invention to provide assays and 
methods for identifying agents that alter the level of expression of proteins, particularly 
integral membrane proteins such as cardiac ion channels. Such agents may be compounds 
from chemical libraries or peptides from DNA libraries. 
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[18] In accordance with these and other objects, a first embodiment of the present 
invention is directed to a method for identifying an agent that alters the level of expression 
of a protein on the surface of a mammalian cell, comprising: a) preparing a medium 
containing mammalian cells that express a protein of interest; b) adding an effective amount 
of a candidate agent; c) incubating the cells in the presence of the candidate agent for a 
sufficient period of time; d) treating the cells with a fixtive; e) adding an effective amount of 
at least one antibody which binds to the protein; and f) determining the level of binding, 
wherein a change in the level of binding indicates that the candidate agent alters the level of 
expression of the protein. 

[19] A second embodiment of the present invention is directed to a method for 
identifying an agent that alters the level of total expression of a protein in a mammalian cell, 
comprising: a) preparing a medium containing mammalian cells that express a protein of 
interest; b) adding an effective amount of a candidate agent; c) incubating the cells in the 
presence of the candidate agent for a sufficient period of time; d) treating the cells with a 
fixative followed by a permeabilizing agent; e) adding an effective amount of at least one 
antibody which binds to the protein; and f) determining the level of binding, wherein a 
change in the level of binding indicates that the candidate agent alters the level of expression 
of the protein. 

[20] A third embodiment of the present invention is directed to a method for 
identifying an agent that blocks an ion channel in a mammalian cell, comprising: (i) 
performing the method of the first embodiment of the present invention described above to 
determine if the agent alters the level of expression of the ion channel; (ii) performing a 
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Western blot assay to determine if the agent alters maturation of the ion channel; and (iii) 
performing a tail current assay to determine if the agent alters the functional effect of the ion 
channel. 

[21] Additional advantages, objects and feature of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of the invention may be realized and attained 
as particularly pointed out in the appended claims. 

[22] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of the invention may be realized and attained 
as particularly pointed out in the appended claims. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[23] Preferred embodiments of the present invention include an assay system and 
method for identifying an agent that binds to a protein, such as a membrane ion channel, 
and thereby increases or decreases its expression in mammalian cells. In certain particularly 
preferred embodiments, the assay and system determine the ability of an agent to bind to a 
protein and thereby alter the surface expression thereof. Such an alteration in surface 
expression may result from the agent binding to a particular site on the protein and/or from 
the agent reducing or improving intracellular trafficking and/or processing of the protein. 
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Moreover, such an alteration may also result from the agent binding to a protein other than 
the protein of interest and thereby indirecdy altering the level of expression of the protein. 

[24] There are a wide variety of formats known and available to those skilled in the 
art for appropriate binding assays. According to certain embodiments of the present 
invention, one or more cells expressing a protein of interest may be provided in a suitable 
liquid medium and exposed to one or more candidate compounds, while in other 
embodiments the cells may be immobilized on a surface. Similarly, according to still other 
embodiments of the invention, one or more candidate compounds may be immobilized on a 
surface and exposed to a liquid medium containing one or more cells that express a protein 
of interest or the candidate compound(s) may be included in a suitable liquid medium to 
which one or more cells expressing a protein of interest is added. 

[25] Binding is often easier to detect in systems in which at least one of the 
candidate compound and the protein of interest is labeled (e.g., with fluorescence, 
radioactivity, an enzyme, an antibody, etc., including combinations thereof, as known to 
those skilled in the art). After exposing the candidate compound to the cell expressing a 
protein and washing off or otherwise removing unbound reagents, the presence of the 
labeled moiety (i.e., bound to the unlabelled component of the test system) is measured. 

[26] Methods for performing various binding assays are known in the art, including 
but not limited to the assay systems such as those described in PCT Application 
US98/ 18368. Various references provide general descriptions of various formats for protein 
binding assays, including competitive binding assays and direct binding assays, (see e.g., Stites 
and Terr, Basic and Clinical Immunology, 7th ed. (1991); Maggio, Enzyme Immunoassay, CRC Press, 
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Boca Raton, FL (1980); and Tijssen, Practice and TheoLy of Enzyme Immunoassqys, in Laboratory 
Teelmiques in Biochemistry and Molecular Biology, Elsevier Science Publishers, B.V. Amsterdam, 
(1985)). 

[27] Particularly preferred embodiments of the present invention involve assay 
systems and methods to identify compounds that increase or decrease the expression of a 
protein of interest by altering the activity of the protein and/or by altering (blocking or 
improving) intracellular trafficking and/ or processing thereof 

[28] Thus, according to certain particularly preferred embodiments, immunoassays 
are provided in which one or more cells expressing a protein of interest are generally bound 
to a suitable solid support (e.g. the well of a microtiter plate, a microcard, or any other similar 
format known to those skilled in the art) and combined with a candidate agent, and 
observing changes in the level of expression of the protein of interest Thus, in these 
preferred embodiments, one or more of the assay components are attached to a solid 
surface. 

[29] According to certain embodiments, for example when the protein of interest 
is not expressed on the surface of the cells, a permeabilizing agent may be used. Such a 
permeabilizing agent may facilitate penetration of an antibody, particularly a labeled 
antibody, into the cell. 

[30] The permeabilizing agent preferably contains a detergent, more preferably an 
anionic detergent. Suitable detergents are known and available to those skilled in the art. 
Illustrative examples of suitable anionic detergents include, for example, sodium 
dioxycholate, N-lauryl sarcoside and sodium dodecyl sulphate. 
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[31] The concentration of detergent will vary depending upon, for example, the 
particular detergent employed and may be determined empirically by one skilled in the art. 
Suitable concentrations can be between 0.001% and 10%, for example between 0.01 and 5%. 

[32] The permeabilizing agent also preferably contains an oligosaccharide, such as 
trehalose. The concentration of oligosaccharide in the permeabilizing agent will vary 
depending upon, for example, the particular detergent and oligosaccharide employed and 
may be determined empirically by one skilled in the art. Illustrative examples of suitable 
concentrations are in the range from 0.001M and 1.0M, preferably in the range between 
0.01M and 0.1M. 

[33] The pH of the permeabilizing agent may be any level appropriate for the 
particular protein being studied and cell line employed, and is preferably generally between 3 
and 8. A suitable pH (or pH range) may be achieved by the addition of one or suitable 
buffers known and available to those skilled in the art. 

The permeabilizing buffer is preferably approximately isotonic and may contain one or more 
suitable agents for adjusting the isotonicity thereof, such as sodium chloride. 

[34] In some embodiments, an assay system may be used (as known in the art) to 
detect the change in the surface expression of the protein of interest due to the binding of 
the candidate agent. For example, if the protein of interest is a membrane ion channel, a 
patch clamp assay may be employed to detect a change in the flux of ions across the 
membrane, which may indicate an increase in the level of surface expression of the ion 
channel. 
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[35] In alternative embodiments, an indirect immunoassay system is used in which 
the protein is detected by the addition of one or more antibodies directed against an epitope 
of the protein, as known in the art. If the protein is not expressed on the surface of the cell, 
it may be desirable to add a permeabilizing agent to facilitate penetration of the antibody into 
the cell. 

[36] When using a solid support in the methods of the present invention, virtually 
any solid surface is suitable, as long as the surface material is compatible with the assay 
reagents and it is possible to attach the component to the surface without unduly altering the 
reactivity of the assay components. Those of skill in the art recognize that some components 
exhibit reduced activity in solid phase assays, but this is generally acceptable, as long as the 
activity is sufficient to be detected and/or quantified. 

[37] Suitable solid supports include, but are not limited, to any solid surface such as 
glass beads, planar glasses, controlled pore glasses, plastic porous plastic metals, or resins to 
which a material or cell may be adhered, etc.). Those of skill in the art recognize that in 
some embodiments, the solid supports used in the methods of the present invention may be 
derivatized with functional groups (e.& hydroxyls, amines, carboxyls, esters, and sulfhydryls) 
to provide reactive sites for the attachment of linkers or the direct attachment of the 
candidate agent or other assay component. 

[38] Adhesion of an assay component to a solid support can be direct (Le. the 
component directly contacts the solid surface) or indirect (/>. an agent and/or component 
(e.g. an antibody) is/are bound to a support, and the other assay component(s) binds to this 
agent or component rather than to the solid support). In some embodiments, the agent or 
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component is covalently immobilized (e.g., utilizing single reactive thiol groups of cysteine 
for anchoring proteinaceous components (see e.g., Bioconjug. Chem., 4:528-536 (1993)), or non- 
covalently, but specifically (e.g., via immobilized antibodies or other specific binding proteins 
(see e.g., Adv. Mater., 3:388-391 (1991); Anal. Chem., 67:83-87 (1995))), the biotin/streptavidin 
system (see e.g., Biophys. Biochem. Res. Commun., 230:76-80 (1997)), or metal-chelating 
Langmuir-Blodgett films (see e.g., Langmuir 11:4048-4055 (1995); Angew. Chem. Int. Ed. EngL, 
35:317-320 (1996); Proc. Natl. Acad Set. USA 93:4937-4941 (1996); and /. Struct. Biol, 
113:117-123 (1994)), and metal-chelating self-assembled monolayers (see e.g., Anal. Chem., 
68:490-497 (1996)), for binding of polyhistidine fusion proteins. 

[39] In some particularly preferred embodiments, standard direct or indirect 
ELISA, IFA, or RIA methods as generally known in the art are used to detect the binding of 
a candidate agent to a protein of interest. In some embodiments, an increase in the level of 
surface expression of the protein is detected in a sample, while in other embodiments, a 
decrease in the level of surface expression is detected. Thus, it is clear that the methods of 
the present invention are adaptable to the detection, identification, and characterization of 
multiple elements. 

[40] Accordingly, in some particularly preferred embodiments of the methods of 
the present invention, a sandwich ELISA (enzyme-linked immunosorbent assay) with a 
monoclonal or polyclonal antibody for capture (Aa capture antibody@) and a secondary 
antibody (Aa reporter antibody@) for detection of bound antibody-antigen complex may be 
used. 
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[41] In some preferred ELISA embodiments, alkaline phosphatase conjugates are 
used, while in still other preferred embodiments, horseradish peroxidase conjugates are used. 
In addition, avidin/biotin systems may also be used, particularly for assay systems in which 
increased signal is desired. Suitable enzymes for use in preferred embodiments include, but 
are not limited to, peroxidases, luciferases, alkaline phosphatases, glucose oxidases, beta- 
galactosidases and mixtures of two or more thereof. 

[42] According to certain embodiments of the present invention, the cells may be 
treated with a fixative before addition of antibody or antibodies. Suitable such fixatives are 
known and available to those skilled in the art, and include, but are not limited to, 
paraformaldehyde, formalin, gluteraldehyde, acetone, ethanol and acrolein. See, e.g. U.S. 
Patent No. 4,857,300; U.S. Patent No. 5,104,640; U.S. Patent No. 5,422,277; U.S. Patent No. 
5,597,688; U.S. Patent No. 5,824,495; and U.S. Patent No. 6,194,165. 

[43] The concentration of fixative will vary depending upon, for example, the 
particular agent employed and may be determined empirically by one skilled in the art. An 
illustrative example of a suitable concentration of paraformaldehyde would be 4% in a 
suitable buffer such as phosphate buffered saline (PBS). 

[44] The pH of the fixative may be any level appropriate for the particular protein 
being studied and cell line employed, and is may generally be between 6 and 8, for example 
around 7, such as about 7.2. A suitable pH (or pH range) may be achieved by the addition 
of one or suitable buffers known and available to those skilled in the art. 

[45] Thus, in one illustrative method of the present invention, a cell line 
overexpressing the potassium channel hERG with an HA tag in an extracellular epitope is 
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plated in a 96-well microplate (~40,000 cells/well). The 96-well plate (black plate with clear 
bottom) is precoated with poly-D-lysine to facilitate attachment of the cells to the bottom of 
the wells. The cells are plated in complete medium consisting of DMEM/F12 with 10% fetal 
bovine serum (FBS) plus antibiotics. Approximately 6 hours after plating, the media is 
removed, the wells rinsed with DMEM/F12 without serum or antibiotics, and test articles 
(diluted in serum- and antibiotic-free DMEM/F12) applied. Test articles are most often 
dissolved in DMSO, and the final concentration of DMSO in the assay is 0.1%. Vehicle 
controls also contain 0.1% DMSO. The plates are incubated overnight (approximately 16 
hours) at 37°C/ 5% CO2 prior to the start of the surface expression assay. 

[46] Surface expression assays are preferably performed on the bench top at room 
temperature. The cells are rinsed three times with PBS (phosphate buffered saline), followed 
by fixation with freshly prepared ice-cold 4% paraformaldehyde in PBS (pH 7.2, 20 
minutes). For determination of hERG surface expression, the cells are not permeabilized. 
Following removal of the fixative, the cells are washed with PBS. Non-specific binding sites 
on the cells are blocked by incubation with 1% goat serum in PBS (blocking buffer) for 30 
minutes. The blocking buffer is removed, and the cells incubated for two hours with rat 
anti-HA antibody (primary antibody) diluted in blocking buffer. After removing the primary 
antibody, the cells are washed three times with 1% goat serum in PBS (10 min/wash). HRP- 
conjugated goat anti-rat antibody (secondary antibody) is diluted in blocking buffer and 
incubated with the cells for one hour. The secondary antibody cocktail also contains a 
fluorescent DNA binding dye (SYBR Green) to determine cell number at the end of the 
protocol. Following incubation, cells are washed three times with PBS (10 min/wash). 
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Fluorescence is measured in a microplate fluorescence reader, and signals compared to a 
standard curve of fluorescence versus cell number to determine whether test articles are 
toxic and to correct for loss of cells during the protocol. Chemiluminescent signals are 
developed with the SuperSignal ELISA Femto Maximum Sensitivity Substrate (Pierce 
Chemical Co). PBS is removed from the wells, and the detection reagent added. Signals are 
captured immediately with a GloRunner luminometer. 

[47] An additional step may be added to examine total cellular expression of an 
integral membrane protein or any intracellular protein. Following fixation, a permeabilizing 
agent (e.g., a detergent) may be used to facilitate access of the antibody to the intracellular 
protein. 

[48] According to a first particularly preferred embodiment of the present 
invention, a method is provided for identifying an agent, such as a peptide, protein, antibody 
or chemical agent, that alters the level of surface expression of a protein, preferably an 
integral membrane protein, such as hERG, in a mammalian cell. This method comprises: a) 
preparing a first medium containing mammalian cells that express the protein of interest; b) 
adding an effective amount of a candidate agent; c) incubating the cells in the presence of 
the candidate agent for a sufficient period of time; d) adding an effective amount of at least 
one antibody which binds to at least one extracellular epitope of the protein; and e) 
determining the level of binding of the antibody to the extracellular epitope of the protein 
following incubation of the cells with the candidate agent. 
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[49] Any change, such as an increase or decrease, in the level of binding in the 
presence of the candidate agent relative to control indicates that the candidate agent alters 
the level of surface expression of the protein. 

[50] According to preferred embodiments of the present invention, step (d) above 
comprises adding an effective amount of at least one primary antibody and an effective 
amount of at least one secondary antibody. According to such embodiments, the primary 
antibody preferably binds to at least one extracellular epitope of the protein of interest. 
Even more preferably, according to such embodiments, the secondary antibody binds to the 
first antibody. 

[51] Preferably, the primary antibody and/or the secondary antibody is coupled to 
an enzyme to facilitate detection and determination of the level of binding. Suitable 
enzymes for use in the methods of the present invention are known and available to those 
skilled in the art. Illustrative examples of suitable enzymes include, but are not limited to, 
peroxidases, luciferases, alkaline phosphatases, glucose oxidases, beta-galactosidases and 
mixtures of two or more thereof. 

[52] The determination of the level of surface expression of the protein of interest 
may be performed using any of the methods and techniques known and available to those 
skilled in the art. Preferably, the level of binding is determined by fluorescence, 
luminescence, radioactivity, absorbance or a combination of two or more of these. 

[53] According to preferred embodiments of the present invention, the 
extracellular epitope to which the antibody binds on the membrane protein is preferably a 
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wild-type epitope, i.e. an extracellular epitope normally found on the naturally-occurring 
form(s) of the protein of interest. 

[54] According to particularly preferred embodiments of the present invention, the 
extracellular epitope on the membrane protein contains a tag. Suitable tags are known and 
available to those skilled in the art. A particularly preferred tag for use in the methods of the 
present invention is a hemagglutinin (HA) tag. The tag may be inserted in an extracellular 
domain of the protein or may replace a portion of an extracellular domain thereof. 

[55] For purposes of illustration and not limitation, in a preferred embodiment of 
the present invention, an ion channel, such as hERG, is engineered to express an 
extracellular tag, such as an HA tag, in the linker between transmembrane domains SI and 
S2 (such a tag preferably should not alter the functional properties of the channel). Cells, 
such as HEK 293 cells, stably expressing this tagged protein are plated in a suitable 
container, such as a 96-well micro titer plate, and incubated with one or more candidate 
agents for a sufficient time, such as overnight. The cells are then preferably fixed, such as 
with formaldehyde, but preferably not permeabilized, and antibodies recognizing the HA tag 
are added. A secondary antibody, preferably conjugated to an enzyme, such as horseradish 
peroxidase, is used to bind the anti-HA antibody(ies) bound to the surfaces of the fixed cells. 
Cell surface signals may then be developed by any suitable method, such as a 
chemiluminescent reaction mix, and the level measured, for example, in a microliter plate 
luminometer. Control cells are usually incubated with water and/ or any liquid vehicle used 
in conjunction with the candidate agent, such as DMSO. 



21 



4 * 

9 



[56] According to more particularly preferred embodiments of the above methods, 
protein surface expression is assayed by removing the microtiter plate(s) from the 
incubator(s) and removing the media bathing the cells. The wells are rinsed three times with 
PBS (100 jjlI) and then the cell fixed with paraformaldehyde (e.g. 4% in PBS, pH 7.2, 100 (jlI), 
and then rinsed with PBS. Non-specific binding sites on the cell surface are preferably 
blocked, for example by incubating the cells with 1% goat serum in PBS ("blocking buffer"). 
After removing the blocking buffer, the cells are incubated with the primary antibody, such 
as rat anti-HA in blocking buffer. The primary antibody is then removed, the cells washed 
{e.g. 3 times with blocking buffer). Secondary antibody, such as horseradish peroxidase- 
conjugated anti-rat goat antibody in blocking buffer, is added. The secondary antibody is 
then removed and the cells preferably washed. 

[57] According to such embodiments, chemiluminescent signals may be developed 
using any suitable technique, such as SuperSignal ELISA Femto Maximum Sensitivity 
Substrate (Pierce Chemical Co.). A suitable amount of reagent, e.g. 50 yl for each well of a 
microtiter plate, is added and a GloRunner luminometer (Turner Designs) used to obtain the 
data. 

[58] A fluorescent reaction may optionally be added to monitor the number of 
cells per well. 

[59] By employing certain embodiments of the present invention, peptides may be 
identified that affect expression of integral membrane proteins. For example, a retroviral 
expression library generated from human heart may be used to deliver genes stably into 
mutant hERG parent cell lines at an MOI (multiplicity of infection) of approximately one. 
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Two days after infection, live cells will be labeled with HA-specific primary antibody 
followed by FITC-conjugated secondary antibody. Fluorescent cells will be sorted with a 
fluorescence-activated cell sorter (FACS) for an increase in cell surface expression of hERG 
protein when compared to parent cell lines. The sorted cell population will be expanded for 
several days and then re-sorted for a second time applying the above described selection 
criteria. Cell clones with permanendy altered surface staining will be used to capture the 
transforming gene. PCR reactions will be performed on genomic DNA using vector specific 
primers flanking the cloning site. 

[60] To look for differences, genomic DNA will be isolated from FACS-sorted 
cells with increased surface expression and from parent clones, which will be used as control 
templates in PCR reactions. PCR products will be subcloned into the pCR-II-TOPO vector 
and sequenced. Clones isolated in this screen will be tested for their ability to modulate cell 
surface expression of hERG protein in electrophysiological and Western blot experiments 
using mammalian expression vectors in transient transfections. Thus, genes crucial for 
biogenesis and post-translational processing of trafficking competent hERG proteins may be 
identified. 

[61] The basic procedures of immunostaining live cells for FACS are described in 
Ficker et. aL, Am J Physiol. 2000;279:H1748-H1756 and Ficker et. aL, / Mol Cell Cardial 
2000;32:2327-2337. For virus production, AmphoPack-293 cells (Clontech) are plated at a 
density of 5xl0 6 cells on 100mm dishes. After 48h lOjig of plasmid library DNA (Viraport 
Human Heart Retroviral Expression Library, Stratagene) is mixed with Fugene as 
recommended by the manufacturer (Roche Biochemicals) and added to the culture dish in 
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the presence of serum. Since there is no selection marker in the retroviral vector DNA, 
transduction efficiency and viral titer are determined by monitoring fluorescent cells on 
control plates transduced with a virus expressing enhanced green fluorescent protein EGFP 
(Clontech). COS-7 cells (10 6 ) expressing HA-tagged hERG WT S1HAS2 channel protein at 
moderate levels are suspended in 5-1 0ml DMEM, infected with viral supernatant at an MOI 
(multiplicity of infection) of approximately 1 and plated in 100 mm cultures dishes. After 
several hours, the medium is replaced with complete DMEM. After two days, cells are 
labeled with anti HA antibody, followed by a FITC conjugated secondary antibody (see 
above) and sorted with a fluorescent activated cell sorter. Cells showing significant changes 
in surface fluorescence when compared to parent cell line are first expanded for ten days and 
then sorted for a second time. Genomic DNA is isolated from the twice-sorted cell 
population and PCR reactions are performed using vector-specific primers to capture library 
inserts. 

[62] Having now fully described this invention, it will be understood to those of 
ordinary skill in the art that the methods of the present invention can be carried out with a 
wide and equivalent range of conditions, formulations, and other parameters without 
departing from the scope of the invention or any embodiments thereof. 

[63] All patents and publications cited herein are hereby fully incorporated by 
reference in their entirety. The citation of any publication is for its disclosure prior to the 
filing date and should not be construed as an admission that such publication is prior art or 
that the present invention is not entitled to antedate such publication by virtue of prior 
invention. 
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